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RESEARCHMEMORANDUM

DYNAMICI@DELINVESTIGATIONOF TWOTAIL-SITTERYERTICAUY

RISINGAIRPLANZSTODXDKMINETEEAETITUDEREQJIREDTO

APPROACHNORMAL-FLIGHTCONDITIONSAFTERPOWER

FAILUREINHOVERINGFIXGHT

By WalterJ.KlinarandL.FayeWilkes

An investigateion
latingl/20-scaleand

SUMMARY

hasbeenundertakenontwodynamicmodelssimu-
l/25-scalemodelsofpropeller-driventail-sitter

verticallyrisingairplanesto determinethealtituderequiredto
approachnormal-flightconditionsafierPowerfailure~ hover- fli@to
Theresultsoftheinvestigationindicatedthat,forthetwomodels
investigated,an altitudeof3,6CC)to 5,@l feetmaybe requiredto attain
normalglidingflight.

INTRODUCTION

A problemof concernto designersofvertical-take-off-and-lamding
(hereindesignatedVTOL)airplaeshasbeenthedeterminationofthe
altituderequiredby suchan airplsnetomakea bellylandingafterpower
failureduringhoveringflight.Associatedwiththisproblemisthe
altituderequirementforsuchairplanestoturnoverandnosedowninto
thedirectionof flightaf’terpowerfailure.Accordingly,an investiga-
tionwasundertakenwithdynsmdcmodelsoftwopropeller-driventail-
sitterVTOLairplanestoprotidesomeinformationonthislatterproblem.
Thesetestswereconductedinthe.free-flying-ea oftheIangleyspln-
tunnelbuilding.Simplifiedcalculationswerealsomadetoprojectthe
flightsbeyondthatwhichcouldbeobservedinthetestarea. The
resultsoftheinvestigationarepresentedherein.

.
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sketchdepictingthepositivedirectionsofvariousangles,veloc-
andforcesis showninfigure1.

wing span,f%

wing area,sq ft

meanaerodynamicchord,ft

ratioofdistanceof centerofgravityrearwardofleading
edgeofmeanaerodynamicchordtomeanaerodynamicchord

ratioofdistancebetweencenterofgravityandfuselageref-
erencelinetomeanaerodynamicchord(positivewhencenter
ofgravityisbelowline)

massofairplsme,slugs

mcmentsof inertiaaboutX,Y, andZ bodysxes,respectively,

.

$

.

v–

Slug-ftz

inertiayawing-momentparameter

inertiarolling-momentparameter

inertiapitching-momentpamuneter

airdensity,slug/cuft

relativedensityofairplane,m
w

anglebetweenfuselagereferencelineandtherelativewind,
deg(Seefig.1.)

full-scaletime,sec

full-scaleresultantvelocity,ft/sec(Seefig.1.)
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V!z full-scalesinkingspeed,ft/sec(Seefig.1.).

13 accelerationdueto gravity,32.2ft/sec2
.

Y flight-pathangle,deg(Seefig.1.)

z altitudeloss,f%

L lift,lb (Seefig.1.)

D drag,lb (Seefig.1.)

%
Ddragcoefficient,—

$@

.

CL liftcoefficient,~
w +R2S

6e elevendeflectionwhendeflectedas elevators(positivewith
trailingedgedown),deg

iR rateof changeofvelocityVR withthe

i rateof changeofflight-pathanglewiththe

B shulatedpropellerblademgle, deg

APPARATUSANDMETHODS

Model

Model1 wasassumedtobe a l/20-scalemodelofa swept-wingVTOL
airplaneandmodel2 wasconsideredrepresentativeofa l/25-scale
straight-wingVTOLairplane.Fixedareawasattachedto eachnmdelto
simulatepropellers.Three-viewdrawingsofthemodelsusedinthe
investigationareshowninfigures2 and3. Dimensionalcharacteristics
oftheairplanesas simulatedbythemodelarepresentedintableI.
Model2 wasballastedto obtaindynamicsimilarityto thecorresponding
airplaneat sealevel(p= 0.0023@)whereasmodel1 wasballastedas

. closeto sealevelaswaspossibleonthemodel,thislattercondition
correspondedto analtitudeof 5,0CK)feet(p= 0.002049).Thediffer-
encesinthesealtitudeeffectsareconsideredtobe insignificant.

d
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Testing technique.- Thetestswereperfomnedina largebuildingat
Langley.Themodelswereattachedto a devicefromwhichtheycouldbe” ““ -
releasedafterbeinghoistedtothetopofthebuilding.Afterrelease
themodelshadavailableapproximately50feetoffreefallafterwhich
theydivedintoa safetynet. Motion-picture.recordswere~de ofthe *

variousdroptests.Modelattitudescouldbedeterminedfromsomeof
thesetestswhenthemodelwasproperlyorientedwithrespecttothe
camera. --

Computations.-Briefcomputationswerem~e to determinethemotion
thatensuedafterthemodelsdroppedverticallyforthe-heightavailable‘“
inthetestarea. Inorderto simplifytheproblemitwasassumedthat
thepathsofthemodels’motionscouldbe approximatedby neglectingthe
pitchingequation.Theangleofattackwasqssmedtobe constantduri~ “
thispartoftheflight;thus,anyvariationinangleofattackwas
assumedtobe instantlycorrected.Theequationsusedwereas follows:

pscD r2
tiR=gsiny-zVR

.

w

TheseequationsweresolvedwiththeRunge-Kuttamethodandtheliftand
dragcoefficients,angleofattack,andelevatorpositionweretakenas
follows:

Model a, deg be>‘eg CL CD

1 30 -30 0.85 0.60

2 12 -16 .70 .30

TestConditions

Themodelsweretestedfortheloadingconditimsindicatedin
tableII. Model1 whichhada 30°propellerbladeanglestiul.atedby
theadditionoffixedfinareato thenoseofthemodelwasdroppedfrom
a nose-upattitudeandalsofromseveraldifferentinit~alattitudes.
Model2 wasdroppedonlyfroma nose-upattitudeeitherwithoutpropellers
simulatedorwithfixedfinareaaddedtothenoseto simulatea 15°
or70°propellerbladeangle.Onbothmodels,thelateralanddirec-
tionalcontrolsweremaintainedatneutral.Onmodel1 theelevatorwas

.

maintainedat itsfull-u~deflectionof -30°,andonmodel2 theelevens
werealsomaintainedfwi-up at -160. - - .-B

~“
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RESULTSANDDISCUSSION

Theresultsofthetestsarepresentedinfull-scaletermsinfig-
ures4 and5. Theseresultsindicatethatneithermodelt~led forthe
center-of-gravitypositionsinvestigated.As isindicatedinfigure4
formodel1 themostcriticallaunchingattitudeas regardsaltitude
lossbeforethemodelturnedoverandnosedintothedirectionofthe
relativewindwasfroma nose-upattitude.Themodeltestresultsindi-
catethat,whenlaunchedfroma nose-upattitude,approxhately550feet
ofaltitudewasrequiredformodel1 andapproximately750feetfor
model2 (full-scalevalues)to assumenose-firstattitudes.Theslight
differencesintheflightspresentedinfigure5 formodel2 arecon-
sideredtobe attribut~leto differentlaunchingsratherthanto dif-
ferencesinpropellerfinareasimulated.Theflightpathsofthemodels
forthevariousdropswereobservedtobe nearlyverticalfortheheight
availableandtheaverageaccelerationduringthevariousdropswas
approximatelytheaccelerationdueto gravityas is indicatedby the
timeandaltitudescalesinfiguresh and5.

Theresultsof computationsmadeto obtainanapproximationofthe
projectedflightpathsbeyondthatobservableby themodeltestsare
presentedinfigures6 and7. Thesecalculationsweremadeto extend
thoseflightswhenthemodelsweredroppedfroma nose-upattitudewith
theelevatormaintainedfullup. To obtaintheinitialvelocitiesfor
thesecomputations,themodelswereassumedto accelerateuniformly
duringtheobserveddropperiodinthetestarea. Thetrimvaluesindi-
catedonfigures6 and7 areforthetrtiedglideconditions.Thecom-
putationsindicatethata considerablemount ofaltitudemaybe required
fordesignsstilarto theonesunderconsiderationtomakea belly
landingafterpowerfailurewhilehovering.h orderto reachminianm
pointsintheglide-pathsmglejatwhichthe thefuselagesofthetwo
designswereapproximatelyhorizontal,thecalculationsindicatedthe
full-scalevaluesofapprox@atel.y3,600feetand5,400feetwouldbe
requiredformodels1 and2, respectively.Inorderto obtaina hor-
izontalglidepathapparentlytheelevatorwouldhavetobe movedfrom
itsfull-uppositionto obtaina speedbuildupafterthen.mdelsassumed
nose-downattitudes.It isfeltthataltitudesoftheorderobtained
wouldhavebeenrequiredhadsuchcasesbeenconsidered.

CONCLUSIONS

Resultsoffree-droptestsofdynamicmodelsoftwoairplmeswhich
takeoffandlandvertically3ndicatedthatthefull-scalealtitude
requiredforthedesignstoturnoverandnosetitotherelativewind
afterpowerfailureduringhoveringflightcorrespondedto approximately

am!..
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550feetforoneofthedesignsand750feetfortheotherdesign(full-
scalevalues).Approximatecoqutationsto extendtheflightpaths

.

beyondthatwhichcouldbeobservedinthetestsindicatedthatasmuch —
as-3,600to 5,400feet(full-scale)maybe requiredfor.the
airplanesto attainnormalglidingflight.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LemgleyField,Vs.,August15,1956.
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TABM II.-W OEMUO’THl18TIOSMD ~EOl P~ SFOR191D2LS1AND2

pd.al V uoa oanvorted to fdl.sule values; mamnts of inertimU.Oabouttkaeenta. cd ~vi~]

1 FdLliced
@wm Wdght 16,306 0.159

I
-0.olz

2 ?~ahy 16,200 0.053
I

0.029
I I I I

23.98 2’7.& 12,5072!+,34832s905-355x lo~ -256x 10-4 611x 10+

31.27 - 8,89536,~ 41,105-74 x 10-4-133x lo~ *7 x 10-4
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Figure1.-Illustrationdepictingpositiveforces,velocities,andangles.
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